separately, and crucial questions remain unanswered regarding the overlap and integration of these parallel cutaneous somatosensory pathways. For example, both itch and pain interact in an antagonistic manner: scratch-induced pain can relieve itch, frequently producing pleasure; opioids can induce itch, and their receptor antagonists have been shown to be effective in its treatment. There are broad overlaps, with evidence of a common mechanism in peripheral sensitization as well as in central sensitization to itch and pain, implicating A-beta and C-fiber nociceptors. Presenting up-to-the-minute research on the multifaceted properties of skin sensory receptors, nerves, and central projections highlighted the often unrecognized strong interactions between them and provided exceptional opportunities for the fertile discussions that followed each talk, touching on the potential to translate across experimental and clinical contexts.
The symposium began with a keynote lecture from Francis McGlone on the role of C-fibers in humans. While C-fibers have a classical role as polymodal nociceptors, pruriceptors, and autonomic efferents, Dr. McGlone emphasized that in humans, and in all mammalian skin, a subset of C-fibers called C-tactile afferents (CT) respond to low force touch. Their discovery in human hairy skin, has led to a view of the skin as a "social organ" as well as a "protective organ."
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Dr. McGlone introduced the concept of a "hedonic homunculus" to emphasize that these fibers have a distinct central projection to a para-limbic brain area, the insular cortex, that processes information concerned more with "feeling" than "sensing."
The presentations in the "Itch" session were primarily neurocentric while incorporating the crosstalk with the immune system and the cutaneous environment. The use of state-of-the-art techniques was a feature of this session, including the power of genetics to investigate neurocircuits, optogenetics, ex vivo preparations consisting of skin attached to the spinal cord, and imaging. These approaches allowed for detailed information to be communicated with respect to current knowledge regarding mediators, modulators, neurocircuitry, and therapeutic targets.
Session Chair Ethan Lerner set the tone with provocative questions: why do we itch (To remove pathogens? To keep the immune system active?), and what is the sequence of events? (Is it the itch that "rashes" or the rash that itches?) Dr. Lerner then shared work from his laboratory, first focusing on the role of sensory neurons in the development of skin inflammation and itch using in vivo imaging in a mouse ear skin allergic hypersensitivity model and then showing that substance P-evoked scratching, which was originally thought to be mediated by the neurokinin-1 receptor (NK1R), is mediated by Mrgpr receptors.
Earl Carstens (University of California, Davis) presented behavioral and expression data suggesting that NK1R is a key component of itch-specific spinothalamic projection neurons. He also highlighted recently developed genetic and induced models of chronic itch (including mouse models of psoriasis and a model with dietary deprivation of polyunsaturated fatty acids that results in skin rash), as well as methods for studying enigmatic neuropathic itch, or alloknesis.
Sonja Ständer (University of Münster) presented findings from clinical studies employing quantitative sensory testing on patients in conjunction with experimental therapies to treat
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Diana Bautista followed up with her lab's recent work on mouse models of acute and chronic itch. She provided behavioral data demonstrating the requirement of certain immune cells, previously implicated in pain hypersensitivity, as playing a dual role in acute and chronic itch. Her group has found that a chemokine associated with human atopic dermatitis (AD) is sufficient to evoke itch behaviors and is correlated with itch in a mouse model of AD, extending her previous study, which exploited natural variation in itch behaviors among genetically distinct mouse strains to identify itch-associated candidate genes in sensory neurons and spinal cord. by electrophysiology and morphology, most of which participate in feed-forward inhibition, but some are capable of pre-synaptic inhibition. Additionally, Dr. Abraira showed that the somatosensory cortex provides top-down modulation to the LTMR recipient zone, suggesting that modulation from the cortex might enable the LTMR recipient zone to modulate sensation.
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Returning to themes presented in Francis McGlone's talk, biological anthropologist Nina G. Jablonski (The Pennsylvania State University) presented a second keynote at the Saturday banquet on the evolution of human skin as a sensory organ, focusing on two aspects of affiliative touch: highly sensitive discriminative touch and pleasurable, socially reinforcing touch. Social cohesion in primate groups is based on alliances maintained through these affiliative touch mechanisms, and affiliative touch is essential to human psychological development and can have profound effects on interpersonal interactions.
The final session, "Pleasure," was chaired by Francis McGlone and explored evidence for what distinguishes touch perceived as pleasant on the skin from other sensation, such as mechanical pressure or pain. Understanding these distinctions has implications for compliance with topical treatments or disease, as well as with soothing touch to address chronic pain or itch.
Talks in this session revealed that field area, stroking velocity, and temperature all factored in this type of touch, beginning with Helena Wasling's (University of Gothenburg) presentation describing single unit microneurography to characterize the receptive fields and firing properties of human CTs. Subsequent psychophysical studies using a robotic tactile stimulator found that these velocities of ~ 5 cm/sec were reported as the most pleasant compared with slower of faster velocities, a finding quantified by the use of facial electromyography. The maximal activation of CTs by stroking stimuli delivered at skin temperature reinforced the hypothesis that CTs are the neurobiological substrate driving affective and affiliative nurturing touch.
Håkan Olausson (Linköping University) continued the discussion of touch afferents, first by presenting a case study in which patients had selective degeneration of large myelinated afferents but intact C afferents and therefore CTs. These patients reported an absence of tickle but reported a pleasant sensation when stroked on hairy skin with a soft brush. When touched on
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Susannah Walker (Liverpool John Moores University) continued the discussion on CTs with her presentation on the affective value of touch. Dr. Walker showed that heart rate and EMG recordings from "smile" and "frown" facial muscles can be used to evaluate the pleasantness of a stimulus, and using these methods, brushing stimuli are rated as most pleasant when delivered to the arm at CT preferred velocities. Additionally, Dr. Walker showed that pairing neutral faces with stimuli that maximally activate CT afferents increased the approachability ratings of the neutral faces. Finally, Dr. Walker showed that dopamine is released in the nucleus accumbens with stroking in rats, and oxytocin is released with massage, suggesting that these systems might be recruited with CT stimulation in humans.
Gil Yosipovitch, in the closing talk, synthesized symposium topics by expounding upon the pleasure and reward associated with scratching an itch. Chronic itch patients, particularly AD patients, often cite the pleasure evoked by scratching. Examination of this sensation with fMRI by his lab has implicated both reward and addiction centers, such as the striatum and the prefrontal cortex, in scratching in healthy and chronic itch patients. Dr. Yosipovitch touched on the "contagious" nature of itch and scratching, hypothesizing that higher order brain regions activated by itch may contribute to this complex phenomenon. The confluence of investigators from diverse fields across academic, clinical, and industrial contexts at the symposium illuminated wide-ranging insights on the role of nerve fibers in the skin.
The presentations of published and unpublished research set a foundation for discussing novel types of animal models that gave way to future therapeutic modalities. From examining immune cells implicated in neural hypersensitivity to genetic tools and spinal processes that mediated inhibitory neurons came potential realms of treatment in electrophysiology, spinal cord cell transplant, and optogenetics. Certainly, more work needs to be done in identifying the neurotransmitters that facilitate mechanical input and receptors that mediate behavioral patterns, as well as in refining methods of quantitative sensory tests used for patients. With questions of mechanism and disease processes at hand, experimental and clinical inquiry further contributed to articulating neurophysiological frameworks, including gate control theory and pattern theory, that give shape to the skin as a sensory organ.
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